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HISTOCHEMISTRY OF THE CUTANEOUS INTERFIBRILLAR
GROUND SUBSTANCE*
WAINE C. JOHNSON, M.D.t AND ELSON B. HELWIG, M.D4
The purpose of this report is to record our
observations on the nature of the extracellular
interfibrillar ground substance of human skin as
determined by histochemical methods. Our find-
ings do not support the presently accepted view
that acid mucopolysaceharides of the cutaneous
mesenchymal ground substance arc composed of
approximately equal parts of hyaluronic acid nnd
chondroitin sulfate B.
Meyer and Chaffee (1), in 1941, performed
alkali extraction and chemical analysis of whole
pigskin and reported the presence of hyaluronic
acid and a sulfated acid mucopolysaccharide. The
sulfated compound showed different physical
properties than other chondroitin sulfates and
was named chondroitin sulfate B. Pearce and
Watson (2), in 1949, performed alkali extraction
and chemical analysis on whole human skin and
reported that the ground substance consisted of
approximately equal parts of hyaluronic acid and
chondroitin sulfate. On the basis of resistance to
hyaluronidase digestion, they assumed the
chondroitin sulfate to be the same type as that
found in pigskin by Meyer and Chaffee, i.e. type
B. Watson and Pearse (3) also analyzed skin
from a patient with localized myxedema and
found increased amounts of hyaluronic acid, and
to a lesser extent, chondroitin sulfate. The skin
taken for analysis had a keloid-like appearance.
Meyer and Rapport (4), in 1951, reported that
the ground substance of pigskin and calfskin
contained hyaluronic acid and chondroitin sul-
fate B.
The current concept that the acid mucopoly-
saccharide content of the cutaneous interfibrillar
ground substance consists of hyaluronic acid and
chondroitin sulfate B, in approximately equal
parts, is based primarily on chemical analysis of
whole skin. In the chemical analysis of whole
skin the substances obtained by alkali or en-
zymatic extraction are not limited to the inter-
fibrillar ground substance but contain products
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from the connective tissue fibers, cells, sweat
glands, pilosebaceous follicles, blood vessels, and
epidermis, unless it is separated. Even though an
attempt is made to remove subcutaneous tissue,
it cannot be assumed that it is completely re-
moved. Because of this limitation of exact
localization by standard chemical methods, it is
important to correlate these chemical analyses
with histochemical studies of the acid mucopoly-
saccharides.
MATERIAL, METHODs AND INTERPEETATION5
Formalin - fixed paraffin - embedded tissue
sections from normal human skin (5 specimens),
uninvolved areas adjacent to tumors and derma-
toses (20 specimens), and from areas of localized
myxedema in S patients were studied.
There is some difference of opinion as to the
proper interpretation of a positive reaction to the
methods used in this study, therefore, our in-
terpretation is given after each method. Fixation
of the tissue, embedding technic, staining solu-
tions, eounterstains employed, and other details
of a procedure are factors that may lead to varia-
tions in results among different workers. One of
the more important factors in some of the methods
is the pH at which the reaction is performed. The
pH values referred to in this paper were deter-
mined by a Zeromatie Beckman pH meter. It is
recognized that a pH meter is not entirely ac-
curate at values below pH 1, but in our experience
the readiogs on these solutions have been con-
sistent and reproducible.
The procedures used were performed as outlined
in the "Manual of Histologic and Special Staining
Technies" (5) except where otherwise stated.
Colloidal Iron Technic: Modifications of the
Hale iron method as described by Rinehart and
Abul-Haj (6) and Mowry (7) were performed,
using a van Gieson counterstain. The pH of the
working solutions by both methods was in the
range of 1.5 to 1.7 and the pH of the ferrocyanide-
hydrochloric acid (HC1) solution was 1.1.
Interpretatioo: The method is based on binding
of colloidal iron by certain tissue elements and
demonstration of the irou by the Prussian blue
reaction. The binding of the iron is probably
limited to acid groups which include carboxyl
and sulfate groups of the acid mucopolysac-
charides and phosphate groups in the nucleic
acids (6, 7). In paraffin-embedded tissue sections,
reactive sites appear to be limited to acid muco-
polysaccharides and nucleic acids.
Alcian Blue Stain: A 1% solution of alcian blue
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8GS in 3% acetic acid (pH 2.5 to 3.0) was prepared
and used with a nuclear fast red counterstain.
Phosphate-HCI solutions were prepared at pH
values of approximately 0.4 and 2.5, and were
used for treatment of the tissue sections prior to
the stain bath, for staining with 1% alcian blue,
and for the first rinse. The alcian blue stains
prepared with the phosphate-HC1 solutions were
also followed by a nuclear fast red counterstain.
Results of the alcian blue stain with the usual
technic (3% acetic acid at pH 2.5 to 3.0) were
essentially the same as that obtained with the
phosphate-HC1 stain at pH 2.5 and are reported
together as alcian blue pH 2.5 in Table 1.
Interpretation: A positive reaction using the
standard acetic acid preparation is based on the
presence of acid groups.8 At pH 2.5 to 3.0 most
acid mucopolysaccharides give a blue color, and
nucleic acids usually produce a less intense blue.
At low pH values (0,4) only strongly acid
substances such as the sulfated acid mucopolysac-
charides will give a positive result.9 Represent-
ative examples of substances of known com-
position which are positive at pH 0.4 include
cartilage (chondroitin sulfuric acid A and C) and
mast cell granules (heparin). Use of the alcian
blue stain with the nuclear fast red or other
tissue counterstains that have a strong affinity
for collagen fibers will not allow demonstration
of acid groups present in the collagen fibers due to
the intense color of the counterstain.
Hyaluronidase Digestion: Bovine testicular
hyaluronidase (Wydase) digestion for 1 hour at
370 C. was followed by the colloidal iron and the
alcian blue technics. Control sections were per-
formed with the use of heat-deactivated enzyme
and buffer solution. The hyaluronidase was
prepared immediately before use with 150 U. S. P.
units to 1 ml of phosphate buffer solution at pH
6.8. A circle was drawn about the tissue section
using a diamond marking pencil, the sections were
covered with solution, and placed in covered
dishes over moistened filter paper for digestion.
Interpretation: Hyaluronidase digestion by the
above technic will remove most of the hyaluronic
acid but will not remove chondroitin sulfate B.
According to Meyer and Rapport (4) chondroitin
sulfate B, even in test tube experiments, resists
digestion by testicular hyaluronidase.
Periodic Acid-Schiff Reaction (PAS) with
Diastase Digestion: Diastase digestion was used
for removal of glycogen. The pH of the 0.5%
periodic acid and that of the Schiff's solution
were both approximately 2.0. Varying the pH of
the Schiff's solution will give an apparent change
in the color of the reacting substances but does
not change the affinity to reactive tissue groups
(9).
Interpretation: The Schiff's reagent reacts with
aldehydes formed by oxidation with periodic acid,
producing red to magenta compounds. Most
mucopolysaccharides except the acid amino-
polysaccharides (Hyaluronic acid, chondroitin
sulfates, heparins), will give a positive reaction
(10, 11, 12, 13). In our experience hyaluronic acid
does not react selectively. Cartilage and mast cell
granules are frequently PAS positive, however,
it may be substances other than the acid amino-
polysaccharides which are reacting. Substances
other than polysaccharides may contain adjacent
aldehyde groups after treatment with periodic
acid and, therefore, give a reaction.
Atdehyde-Puchsin Stain: The technics of Gomori
(14) and Abul-Haj and Rinehart (15) were fol-
lowed in preparing the working solutions. The pH
of the working solution by both of these methods
was approximately 1.7. In addition, a working
solution of approximately pH 1.0 was prepared by
adding concentrated HC1, and the 80% alcoholic
rinse used with the method was also adjusted to
approximately pH 1.0. Metanil yellow or orange
G counterstain was used.
TABLE 1
Histochemical reactions of the extraceltular interfibrillar ground substance
Normal Skin Loralized Myxedema Dermal Hair Papillae
Colloidal iron Positive Positive Positive
Alcian blue
pH 2.5
pH 0.4
Hyaluronidase digestion
Colloidal iron
Alcian blue (pH 2 to 3)
PAS with diastase digestion
Positive
Negative
Negative to trace
Negative to trace
Negative
Positive
Negative
Negative to trace
Negative to trace
Negative
Positive
Negative
Positive
Positive
Negative
Aldehyde-fuchsin
pH 1.7
pH 1.0
Toludine blue (metachromasia)
pH 3.0
pH 1.5
Negative to trace
Negative
Positive
Negative
Negative to trace
Negative
Positive
Negative
Positive
Positive
Positive
Positive
HISTOCHEMISTRY OF THE GROUND SUBSTANCE 83
Interpretation: Evidence has been presented by
Bangle (16) and Scott and Clayton (17), to indi-
cate that aldehydes will give a reaction as well as
certain sulfated compounds. Abul-Haj and Rine-
hart (15) believed the reaction was specific for
sulfated mucopolysaccharides and related organic
sulfur-containing substances. In our experience
at pH 1.7 sulfated aminopolysaccharides, as well
as most mucins of epithelial origin, give a positive
reaction, whereas, substances rich in hyaluronic
acid do not react, or give only a faint reaction.
Below pH 1 most mucin of epithelial origin (sialic
acid containing mucin) loses its affinity for alde-
hyde-fuchsin, but mast cells, cartilage, and blood
vessel walls remain positive. Since mucin of breast,
colon, and respiratory tract has not been shown to
contain significant quantities of sulfates on
chemical analysis (18) but does give a positive
reaction with aldehyde-fuchsin at pH 1.7 (19),
we doubt that the reaction is based solely on the
presence of sulfate-containing substances. At
lower pR values (below 1), only strongly acid
compounds such as the sulfated acid mucopoly-
saccharides give a positive reaction.
Toluidine Blue for Metachromasia: Phosphate-
HC1 solutions of 0.1% toluidine blue were pre-
pared at pH values of 1.5 and 3.0.
Interpretation: The production of metachro-
masia is dependent upon the presence of acid
groups. Acid mucopolysaccharides, nucleic acids,
and other acid groups if present in sufficient
quantity will produce metachromasia at pH values
of 3.0 and higher. At pH values of 1.5 and below,
only strongly acid compounds, which in paraffin
tissue sections seem to be limited to the sulfated
acid mucopolysaccharides, give a positive reaction(9, 20, 21). For the rinse, a buffer solution of the
same pH as the stain was used. Sections were ex-
amined immediately, then air-dried and mounted
in Permount.
RESULTS
Results of the various procedures are sum-
marized in Table 1. There is a variable amount
of interfibrillar cutaneous ground substance, as
reflected by the acid mucopolysaccharide con-
tent, in different sites of the body, but in general
the fingers and toes have the greatest amount.
In any given site the upper portion of the corium,
especially the dermal papillae, and the area
around the eccrine sweat glands showed the
greatest concentration of acid mucopolysaccha-
ride. The substance in the dermal hair papillae
and the connective tissue sheath around the
lower part of the follicle showed a different reac-
tion from that of the general interfibrillar ground
substance seen in normal skin and localized
myxedema.
The results of all of the histochcmical reactions
in our study, i.e., a positive colloidal iron reac-
tion, alcian blue positive at pH 2.5 and negative
at pH 0.4, removal of colloidal iron and alcian
blue reactivity with hyaluronidase, negative
PAS diastase reaction, negative aldchydc-
fuchsin stain, metachromasia with toluidinc blue
at pH 3.0 and absence of metachromasia at pH
1.5, indicate the presence of hyaluronic acid in
the interfibrillar ground substance of normal
skin and in localized myxedema. The dermal
hair papillae, however, showed reactions (see
Table 1) indicating the presence of a sulfated acid
mucopolysaccharidc. The methods used will not
definitely distinguish between the various sulfated
acid mucopolysaccharides but arc consistent with
chondroitin sulfate B.
COMMENT
The apparent differences in results of histo-
chemical methods and chemical analysis of the
nature of the interfibrillar ground substance may
be due to the presence of sulfated acid mucopoly-
saccharides in other elements of the skin. Chemi-
cal analysis of whole skin will, of course, reflect
the mucopolysaccharide content of connective
tissue fibers, blood vessels, mast cells, epidermis,
and adnexal structures. Sulfated acid mucopoly-
saccharide has been demonstrated by histochemi-
cal methods to be present in the dcrmal hair
papillae, mast cells, and blood vessels (20) but
the amount present is probably not enough to
explain the quantity found on chemical analysis
of whole skin. Meyer et al (22) in 1956 pointed
out that the histological origin of chondroitin
sulfate B was not known. They stated that
chondroitin sulfate B had been considered, along
with hyaluronic acid, as a part of the amorphous
ground substance but that some evidence favored
the chondroitin sulfate protein complex to be a
component of organized elements. Watson and
Pearce (23) in follow-up studies combining
histology and chemical analysis on tissue from a
patient with localized myxedcma, found that
fibrosis and scar formation replacing loose
myxedematous tissue resulted in a decrease of the
hyaluronic acid: chondroitin sulfuric acid ratio
and stated this provided "support for the hy-
pothesis that hyaluronic acid is associated with
the ground substance and chondroitin sulfuric
acid with collagenous fibers." Certain evidence
has been accumulated to suggest that chondroitin
sulfate may be an integral part of the collagen
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fiber. Hoffman et al (24) have demonstrated by
chemical analysis of split bovine skin that more
chondroitin sulfate B is associated with the large,
coarse collagen fibers in the lower dermis than in
the upper dermis, where a greater amount of
interfibrillar acid mucopolysaceharide of ground
substance can be demonstrated. They interpret
this finding also to indicate that elastic fibers,
which are present in the upper corium more than
in the lower, are not the primary source of chon-
droitia sulfate, as others have suggested. Banga
and Balo (25) reported that the Achilles tendon
of young animals is mainly collagen, with only
minute amounts of ground substance present.
On chemical analysis they found polysaccharidc
material closely bound to protein, and they con-
sidered it was predominantly chondroitin sul-
fate. Schiller, Slover, and Dorfman (26) per-
formed chemical analysis on skin in hypothyroid
rats and found that the myxedcmatous tissue
was associated with an increased concentration of
hyaluronic acid and decreased amounts of
chondroitin sulfuric acid. This latter finding
correlates with our histochemical evidence that
the acid mucopolysaccharide in the intcrfibrillar
ground substance of human myxedematous skin
is predominately hyaluronic acid.
sUMMARy
Various histochcmical methods were employed
to study the extracellular interfibrillar ground
substance of normal human dermis and that of
patients with localized myxedema. We interpret
the result to indicate that the acid mucopoly-
saccharidc content of the ground substance is
predominately hyaluronic acid. Sulfated acid
mucopolysaccharide was found only in special-
ized structures. The dcrmal hair papillac, as well
as mast cell granules and the walls of larger blood
vessels, showed reactions indicating the presence
of sulfated acid mucopolysaccharidc. The prod-
ucts of chondroitin sulfate B found on chemical
analysis of whole skin may be derived from
collagen fibers as well as from the dermal hair
papillac and blood vessels.
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